Copper Surface Passivation During Semiconductor 

Manufacturing 



5 

Field of the Invention 

This invention relates to the prevention of copper corrosion during the integrated 
circuit manufacturing process when copper is used as the interconnect material. 

10 

Brief Description Of The Drawings 

FIG. 1 is a cross-sectional view of a partially fabricated semiconductor wafer in 
accordance with the present invention. 
1 5 FIG. 2 is a flow diagram illustrating the process flow of the present invention. 

FIGS. 3A and 3B illustrate copper surface passivation through covalent reaction in 
accordance with the present invention. 

FIG. 4 is a cross-sectional view of a partially fabricated semiconductor wafer in 
accordance with the present invention. 

20 



Page 1 of 14 



TI-35330 



Detailed Description Of The Invention 



The use of a passivation layer that coats the copper interconnects during the fabrication of 
copper interconnects will minimize the occurrence of copper corrosion. The present invention is 
5 described with reference to the attached figures. The figures are not drawn to scale and they 
are provided merely to illustrate the instant invention. Several aspects of the invention are 
described below with reference to example applications for illustration. It should be 
understood thatnumerous specific details, relationships, and methods are set forth to provide 
a full understanding of the invention. One skilled in the relevant art, however, will readily 
10 recognize that the invention can be practiced without one or more of the specific details or 
with other methods. In other instances, well-known structures or operations are not shown in 
detail to avoid obscuring the invention. 

Referring to the drawings, FIG. 1 depicts a portion 10 of an integrated circuit formed 
15 in a semiconductor wafer in accordance with the present invention. The wafer portion 10 is 
divided into two sections: a front-end structure 20 and a back-end structure 30. The example 
front end structure 20 contains Field Effect Transistors ("FET's") that are formed within the 
n-well 40 and p-well 50 of the semiconductor substrate 60. However, the front-end structure 
doesn't contain only FET's. It is within the scope of the invention to have any form or 
20 combination of logic within the front-end structure. For example, the front-end structure may 
contain active elements, passive elements, different transistor configurations, or different well 
and substrate technologies. 
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The example back-end structure 30 of the semiconductor wafer portion 10 shown in 
FIG. 1 has a single damascene metal interconnect layer 70 formed over the front-end structure 
plus a dual damascene metal interconnect layer 80 formed over the single damascene metal 
interconnect layer 70. Both interconnect layers 70, 80 contain metal interconnects 90 (also 
5 called "trenches") that properly route electrical signals and power throughout the integrated 
circuit. In the example application, the metal interconnects 90 are comprised of copper. 

The interconnect layers 70, 80 also contain regions of dielectric material 100 plus a 
thin dielectric barrier layer 110 that electrically insulate the metal interconnects 90. In 
10 addition to the interconnects 90, the dual damascene layer 80 has vias 120 that are also 
comprised of copper material. The vias 120 provide the desired electrical connections between 
the" metal interconnects 90 of the interconnect layers 70 and 80. 

A semiconductor wafer is typically exposed to oxygen at several stages in the 
1 5 manufacturing process. Therefore, metal corrosion can occur during manufacturing processes 
such as copper chemical mechanical polishing (Cu CMP) or post Cu CMP cleanup (i.e. prior to 
the deposition of the next layer). The corrosion created during or after such processes may result 
in yield problems (i.e. the integrated circuits don't pass manufacturing tests) or reliability 
problems (i.e. the integrated circuits don't operate properly for their rated life expectancy). 

20 

Referring again to FIG. 1 , the problem of corrosion can be reduced or eliminated by 
forming a thiol ligand coating 130 at the top surface of the metal interconnects 90 of the dual 
damascene metal interconnect layer 80. Even though the example application shown in FIG. 1 
uses the thiol ligand coating 1 30 on the dual damascene interconnect layer 80, it is within the 
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scope of this invention to use the thiol ligand coating 130 with any interconnect layer such as 
the single damascene metal interconnect layer 70 or a subsequent interconnect layer (not 
shown) formed over the dual damascene interconnect layer 80. In the best mode application 
the thiol ligand coating 1 30 is a self-assembled monolayer ("SAM"). However, any thickness 
5 of thiol ligand coating 130 is within the scope of the invention. 

Referring again to the drawings, FIG. 2 is a flow chart illustrating the process flow of 
the present invention. Other than process steps 240, 260 and 280, the process steps should be 
those that are standard in the industry. 

10 

If used, a layer of barrier dielectric material 1 10 is formed (step 200) over the entire 
semiconductor wafer at the beginning of the fabrication of an interconnect layer 70, 80 of the 
back-end structure 30. The barrier layer 1 10-ftinctions as a via etch stop layer and it may be 
formed using any manufacturing process such as Plasma-Enhanced Chemical Vapor 
15 Deposition ("PECVD"). In this example application, the barrier layer 1 10 is comprised of 
SiC; however, other dielectric materials such as SiN or SiCN may be used. 

A layer of dielectric material 100 is now formed (step 210) over the entire wafer (i.e. 
over the barrier layer 110). The dielectric material may be applied to the substrate with a 
20 Chemical Vapor Deposition ("CVD") or a spin-on manufacturing process. In the example 
application, the layer of dielectric material 100 is a low-k OSG material such as CORAL 
(manufactured by Novellus). However, any other low-k dielectric or combination of dielectrics 
may be used. Next (step 220) the barrier layer 1 10 and the dielectric layer 100 are patterned 
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(using photoresist) and etched (possibly using a fluorocarbon-based plasma etch) to form the 
desired spaces for the trenches 90 and/or the vias 120 of the copper interconnects. 

The interconnect layer 70, 80 is completed by forming the copper via 120 and/or trench 
5 90 structures. A barrier metal (such as Ta, TaN or TaN/Ta bilayer) is deposited (step 230) to 
prevent copper diffusion into the dielectric layer and also to improve the adhesion between the 
copper interconnect and the dielectric layer, and is followed by the copper seed. Bulk copper is 
then deposited onto the wafer to fill the spaces for the trenches 90 and/or vias 120; typically 
through an electrochemical deposition process. A Chemical Mechanical Polishing (CMP) 
10 process is then used (step 240) to remove the excessive copper, planarize the surface, and create 
the copper interconnects 90. In the example application, a Mira (manufactured by AMT) is used 
to perform the copper CMP. 

In the best mode application of step 240, the slurry used during the CMP process does not 
15 contain the common anti-corrosion additive Benzotriazole ("BTA"). Rather, in the best mode 
application a thiol solution is added the CMP slurry. During the CMP process the exposed 
copper reacts with the thiol solution to form a SAM coating 130 through a covalent reaction. 
More specifically, as shown in FIGS. 3 A and 3B, the exposed surface of the copper interconnect 
90 is highly reactive towards thiol ligand -SR (where S = Sulfur and R = any organic ligand 
20 having a sufficient chain length). Therefore, a thiol solution is added to the CMP slurry 140 so 
that a SAM 130 of -SR can be formed on the surface of copper 90. The thiol solution is H-S-R, 
where H represents hydrogen, S represents sulfur, and R represents an alkyl ligand - namely R = 
C n H 2n ^i. More specifically, in the best mode application n = 16 and therefore R = C16H33. 
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The hydrogen and sulfur form a bond in the thiol solution as shown in FIG. 3A. 
However, as shown in FIG. 3B, when the H-S-R molecule is exposed to the copper molecule the 
hydrogen atoms will break away and the sulfur atoms will form a covalent bond with the copper 
ions. This reaction causes the formation of a uniform, self-assembled monolayer 130 on the 
5 exposed surface of copper 90. 

The SAM passivation coating 130 provides a reliable oxidation barrier that protects 
against copper corrosion after copper CMP. In addition, the monolayer structure reduces the 
amount of organic residue in the CMP process. It should.be noted that in this application the 
10 passivation layer 130 only coats the surface of copper, as indicated in FIG's 1 and 3B. 

Referring again to FIG. 2 and continuing with the best mode application, a post-CMP 
clean (step 260) is now performed to remove slurry residues and other by-products from the 
polished wafer surface. In an example application, the post-CMP clean is performed using a 

15 Verteq solvent hood (manufactured by Verteq) or a DNS Solvent Hood (manufactured by 
DNS). After the residues are removed, the wafers are dipped in a thiol solution and spun dry. 
This additional exposure of the surface of copper 90 to the thiol solution in the best mode 
application ensures that the surfaces of copper interconnects 90 have a complete and uniform 
surface passivation coating. Preferably, the thiol solution dipping process is performed using 

20 the same clean-up hood as the post-CMP clean process in order to prevent any corrosion 
during wafer transfer. 

Referring again to the drawings, FIG. 4 shows the next process step 280. In process 
step 280 another layer of dielectric 110 is formed over the wafer. This dielectric is the 
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passivation or etch stop layer of the next interconnect layer and it may be comprised of a 
material such as SiC. In the example application, a Centura (manufactured by AMT) is used 
to perform the pre-treatment of the wafer and the deposition of the etch stop layer. In the best 
mode application, NH 3 plasma is used during the pre-treatment process to remove the -SR 
5 layer 130 from the surface of copper interconnects 90. Once the pre-treatment process is 
complete, the etch stop layer is deposited over the surface of the wafer. 

The fabrication process now continues until the integrated circuit structure is complete. It 
should be noted that many variations in steps 240, 260 and 280 are within the scope of this 
10 invention. For example, in one alternative embodiment the thiol solution is added to the CMP 
slurry but the wafers are not dipped in a thiol solution following post-CMP clean. In another 
alternative embodiment, a (preferably small) quantity of BTA may be added to the CMP slurry. 
In this alternative embodiment, the attached BTA material is later removed from the 
semiconductor wafer (along with the -SR monolayer) during plasma pre-treatment. 

15 

Various additional modifications to the invention as described above are within the 
scope of the claimed invention. As an example, instead of dipping the wafers in a thiol 
solution after post-CMP clean, the wafers may be exposed to a thiol solution by another 
method such as spraying. In addition, instead of using NH 3 , other hydrogen containing 
20 plasmas may be used during the pre-treatment process before the deposition of the etch stop 
layer. Moreover, R may be any organic ligand, preferably with an effective chain length > 
16. Similarly, instead of n = 16, the number of molecules may range from 12 to 25. 



Page 7 of 14 



TI-35330 



While various embodiments of the present invention have been described above, it 
should be understood that they have been presented by way of example only, and not limitation. 
Numerous changes to the disclosed embodiments can be made in accordance with the disclosure 
herein without departing from the spirit or scope of the invention. Thus, the breadth and 
scope of the present invention should not be limited by any of the above described 
embodiments. Rather, the scope of the invention should be defined in accordance with the 
following claims and their equivalents. 
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